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Abstract 
Increasing public awareness is a prerequisite for successful management of invasive 
alien species (IAS). Environmental education can play an important role in this process 
by providing relevant learning outcomes and experiences for youth and students, as 
well as professionals in different sectors associated with introduction pathways or 
who are involved in mitigation and eradication of IAS. This paper responds to the 
urgent call for the inclusion of the IAS topic in education through the development, 
implementation and evaluation of novel and user-friendly educational materials. 
The aim of this paper is to describe best practices in IAS education and to share the 
lessons learned from eight educational projects from seven different countries. We 
discuss four challenges for IAS education, related to (1) inconsistent and ambiguous 
terminology, (2) communicating risk, (3) implementation of education materials, and 
(4) evaluation of learning effects. Examples of best practices are the use of smartphone 
applications and gaming elements, place-based education and exhibitions. We also note 
the importance of open access publishing of education materials to make them easily 
available. We intend this discussion to serve as a source of inspiration to researchers, 
science communicators and teachers and to spur the development of new teaching 
materials worldwide. 
Key words: communication, citizen science, environmental education, non-native 
species, outreach, public awareness, weeds 
   
Introduction 
Increasing public awareness is a prerequisite for successful prevention, 
control and impact mitigation of invasive alien species (IAS) (Wittenberg 
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and Cock 2001; Novoa et al. 2017). Numerous examples from practice 
highlight this urgency. For instance, raising public awareness was a useful 
tool for the early detection and successful eradication of longhorned 
beetles (Anoplophora chinensis and A. glabripennis) in Italy (Ciampitti and 
Cavagna 2014), as well as giant salvinia (Salvinia molesta) in Portugal, after 
its detection by a group of young students aware of the IAS problems after 
classroom lessons (Marchante et al. 2018). Likewise, many efforts are put 
into public awareness campaigns to prevent the introduction of the brown 
marmorated stinkbug (Halyomorpha halys) to New Zealand (Ballingall and 
Pambudi 2017) or to reduce the risk of spreading invasive aquatic species 
by boat users in lakes in the United States (Cole et al. 2019). In addition, 
control and eradication of a species can only be successful if new introductions 
are prevented (Van Kleef et al. 2008) and sufficient public support is assured 
(Novoa et al. 2017). Awareness raising comprises several key elements, 
including species identification skills, and knowledge of invasion processes, 
introduction pathways, potential effects, and potential management options 
(Caffrey et al. 2014; Piria et al. 2017; Hulme et al. 2018). This requires 
awareness and knowledge among the key actors concerned by or involved 
in the introduction, spread and management of IAS, including:  
• Policy makers and local, regional and national authorities who are 
responsible for implementing regulations, border control and IAS 
reporting;  
• Nature and water managers who are increasingly confronted with 
new infestations of IAS and management tasks;  
• Professionals working outdoors (e.g. landscapers, soil transporters 
and municipal gardeners as well as biologists, agronomists, rangers 
and foresters);  
• Retailers and traders of (aquatic) plants and animals (e.g. garden 
centers and pet shop owners); 
• General public who can help to prevent new introductions or spread 
of species, support IAS management, and play an important role in 
early detection and monitoring of IAS (e.g. citizen scientists and 
volunteers in nature conservation). 
A lack of awareness in any of the key actor groups may result in 
ineffective management strategies (Davies 2016; Hulme et al. 2018). 
Previous studies reported low levels of knowledge on IAS among plant and 
pet retailers (Vanderhoeven et al. 2011; Verbrugge et al. 2014; Oele et al. 
2015), even in countries with stringent biosecurity procedures such as 
Australia (Morrisey et al. 2011). In contrast, a study in Switzerland found 
rather high levels of awareness among horticulturists, probably due to their 
personal involvement in drafting national IAS regulations (Humair et al. 
2014). The same holds for New Zealand, where plant nursery producers 
contribute to the National Pest Plant Accord, a cooperative agreement 
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between the nursery industry, regional councils and government 
departments with biosecurity responsibilities (Newfield and Champion 
2010). However, in many cases, professionals or retailers will not have this 
experience, especially not when legislation is designed and implemented in 
a rather top down fashion, as is the case with the EU-regulation 1143/2014 
on prevention and management of IAS. There is thus an urgent need to 
educate students and professionals in the different sectors associated with 
IAS about pathways and species management (Wittenberg and Cock 2001). 
Initially, environmental education aimed at “producing a citizenry that is 
knowledgeable concerning the biophysical environment and its associated 
problems, aware of how to help solve these problems and motivated to work 
toward their solution” (Stapp 1969, pp. 30–31). More recent understandings 
of this field emerged in the context of sustainability issues. Wals et al. (2014) 
re-emphasize the importance of converging science education, which is 
focused primarily on teaching knowledge and skills, and environmental 
education, which stresses the incorporation of values and changing 
behaviors. Others point to the importance of the natural world as a key 
resource for learning and development, such as proximity to nature areas 
and schoolyards (Leuven et al. 2018; Kuo and Jordan 2019). 
The topic of biological invasions is relatively new and it has only recently 
come to the attention of environmental educators. As such, it is still 
finding its way into courses and textbooks. Moreover, teachers may have 
limited knowledge about (or may even be unaware of) the subject themselves. 
To support the inclusion of IAS in education, either in formal or informal 
contexts, we need to develop, implement and evaluate novel, user-friendly 
educational materials and tools. This need is recognized at an international 
level: UNESCO’s recent report on issues and trends in education for 
sustainable development includes invasive species in their learning objectives 
on threats to biodiversity, alongside habitat loss, deforestation, fragmentation 
and overexploitation (Leicht et al. 2018). Moreover, EU Member States are 
expected to promote education about and raise public and stakeholder 
awareness of the causes of biological invasions and the risks associated 
with the introduction of IAS (Davies 2016). While this task has been taken 
up by several organizations in different countries (e.g. Brunel 2014; Davies 
et al. 2016), their efforts often remain fragmented, uncoordinated and/or 
undocumented. 
The aim of this paper is to share and discuss best practices and lessons 
learned on how to address specific challenges in raising awareness about 
IAS in a broad educational setting, including schools and educational 
settings outside the classroom (e.g. natural history museums). For this 
exercise, we draw on concrete examples of novel tools and methods used in 
IAS educational projects globally, including case studies from Europe, 
North America and New Zealand. 
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Methods 
Discussions during previous editions of the International Conference on 
Aquatic Invasive Species (ICAIS) sparked the initial interest to identify 
themes and best practices across educational projects on IAS. Here, we 
evaluate eight educational projects on IAS from seven countries: AlterIAS 
(Belgium), ECOSIM and LINVEXO (The Netherlands), KORINA (Germany), 
Forest Invaders (Portugal), Alien Species Exhibition (Finland), Florida 
Invasive Plant Education Initiative & Curriculum (United States), and 
Winning the War against Weeds (New Zealand). We briefly describe each 
project in Table 1. A list of references and websites for each example is 
included in the Supplementary material (Appendix 1). The central question 
that informed our evaluation was as follows: What lessons can we learn 
from our experiences with developing, implementing and evaluating 
educational projects about IAS? While doing so, we were interested in both 
content (i.e. what are the messages?) and form (i.e. how to best deliver the 
messages?). In the remainder of this paper, we report the major challenges 
we encountered, offer recommendations to overcome these challenges, and 
share examples of best practices and novel educational tools. 
Results 
Challenges 
Challenge 1: Terminology 
Communicating about IAS to a lay audience can be challenging for several 
reasons, such as a lack of understanding of key concepts in (invasion) 
biology and the complexity of social-ecological systems, which introduced 
species are part of (Davis et al. 2018). Similar challenges emerged from the 
evaluation of our IAS education projects, in particular related to the ambiguity 
of definitions and the notion of values incorporated in IAS terms. 
The multiple definitions and understandings of what native, alien and 
invasive species are may be confusing for a lay audience. It requires a basic 
understanding of these terms, including the fact that not all alien species 
are invasive and that some native species can be regarded as weedy or 
invasive. Sometimes invasive species and alien species are erroneously used 
as synonyms. A clear context and reference frame (e.g. country or even 
regional perspective), as was employed in our example projects, can help to 
avoid such unwanted discrepancies. For example, the New Zealand initiative 
carefully considered the titles and messages of closely related programs to 
attract both the prospective funders and the target audience attentions. The 
2016 “Winning the War against Weeds” changed in 2018 to “The Great 
Weeds Hunt Aotearoa [New Zealand]” which was divided into “The Great 
Tradescantia Hunt” to focus on that weed for Auckland (North Island) and 
“The Great Spartina Hunt” as a keynote species for raising awareness of 
invasive plants of Canterbury (South Island) watersides. Another strategy 
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Table 1. Overview of the IAS education projects. Links to available materials and software for each example are available in the 
Supplementary material (Appendix 1). 
Name Short description 
AlterIAS  
(Belgium) 
Aim: to teach basic concepts of invasion ecology and raise awareness about invasive alien plants, and incorporate 
these themes into existing curricula and professional training. 
Description: a communication campaign with information sessions at horticultural schools and toolkits for teachers. 
Organizers: University of Liège–Gembloux Agro-Bio Tech and two horticultural centers. 
Funding: European Commission (LIFE+) and Belgian authorities competent for IAS. 




Aim: to increase knowledge about ecological processes and the cost-effectivity of management measures for aquatic 
invasive alien species. 
Description: advanced 3D nature management and conservation simulation game. The pumpkinseed sunfish 
dilemma module uses ecological modelling principles to predict management effects on population trends of the 
invasive fish and the native amphibians. 
Organizers: Crossbill Guides Foundation, in cooperation with Radboud University, Leiden University and 
Bargerveen Foundation. 
Funding: Netherlands Food and Consumer Product Safety Authority. 




Aim: to increase knowledge and awareness of the impacts of invasive alien species and how to effectively manage them. 
Description: an e-learning tool with eight species modules, for use in classrooms or by individual students. Each 
module explains the introduction, spread, impacts and management of the species, as well as how to identify them. 
Organizers: Netherlands Centre of Expertise for Exotic Species and game developers. 
Funding: Netherlands Food and Consumer Product Safety Authority. 




Aim: to improve prevention, early warning, rapid response and mitigation of the spread of invasive alien plants, as 
part of a broader action plan in Saxony-Anhalt, Germany. 
Description: indoor and outdoor teaching methods, a card game, an exhibition, identification sheets and an e-
learning tool. 
Organizers: Coordination Centre for Invasive Plants in protected areas of Saxony-Anhalt at UfU. 
Funding: European Agricultural Fund for Rural Development with co-financing by the federal state Saxony-Anhalt. 
Target audiences (including age): students (10–18), laypersons, conservationists. 
Period: 2013–2018. 
Forest Invaders  
(Portugal) 
Aim: to increase awareness and knowledge about invasive plants and their threats to forest ecosystems among 
students of six secondary schools in Central Portugal.  
Description: brief talks, hands-on activities (e.g. use of taxonomic keys to ID collected plants) and simple scientific 
experiments (e.g. measuring growth traits and assessing seed viability).  
Organizers: students (graduation and master), teachers, researchers and technicians from College of Agriculture, 
Polytechnic Institute of Coimbra.  
Funding: national agency (Ciência Viva) that promotes public awareness initiatives about Science and Technology 
in Portugal. 





Aim: to increase public awareness of the problems caused by invasive alien species in Finland. 
Description: exhibition in the Finnish Natural History Museum in Helsinki in 1999. When the exhibition in Helsinki 
ended, it toured around Finland for almost 20 years in a condensed form) 
Organizers: teaching staff and PhD students taking a course on Popularization of Science. 
Funding: University of Helsinki and Finnish Natural History Museum. 
Target audience (including age): visitors (all ages). 




Aim: to provide educators in Florida with the information and resources necessary to teach students about the 
harmful impacts of some invasive alien plants. 
Description: lesson plans and other educational materials and activities, teacher workshops, and in-class 
demonstrations of the curriculum. 
Organizers: UF/IFAS Center for Aquatic and Invasive Plants and the Florida Fish & Wildlife Conservation 
Commission’s Invasive Plant Management Section. 
Funding: Florida Fish and Wildlife Conservation Commission and numerous other sponsors. 
Target audience (including age): science teachers for children aged 8-18. 
Period: 2006–ongoing. 
Winning the War 
against Weeds 
(New Zealand) 
Aim: to reconnect students with the natural environment by increasing their awareness of weed issues, how to 
recognize invasive species, and where to get further information. 
Description: The Winning the War against Weeds and Great Weeds Hunt Aotearoa projects engaged >500 students 
from 19 schools in 4 regions of New Zealand through hands-on activities. 
Organizers: Manaaki Whenua – Landcare Research. 
Funding: government grants for societal engagement with science and technology. 
Target audience (including age): students from low socio-economic areas and limited engagement in technology 
((6–)10–12(–17)). 
Period: 2016-2019. 
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to improve understanding of species categorizations is to link invasion 
stages and ecological impacts of IAS to knowledge of concepts and 
principles from ecology (e.g. population dynamics, co-evolutionary 
processes, and other species-environment interactions such as propagule 
pressure and enemy release). For example, both the Florida Education 
Initiative and ECOSIM include an extensive glossary with detailed 
references to ecological concepts and various types of species (e.g. invasive, 
alien, native and threatened species). 
Different perceptions of benefits and costs of invasive species add 
further complexity. This can make IAS management decisions complex 
due to competing economic, societal and ecological values (e.g. Novoa et 
al. 2018), and can result in conflicts of interest. Ethical questions may also 
arise about controlling charismatic species, especially animal species 
(Estévez et al. 2015; Shackleton et al. 2019). Teaching about invasive 
species provides an opportunity to showcase the diversity of invasive 
species and their impacts but also the diversity in public responses based 
on different perceptions and values. For example, the LINVEXO tool 
covers eight invasive species examples, including the zebra mussel 
(Dreissena polymorpha), a species that is now regarded to have both 
positive (e.g. use of their filtering capacity for mitigating impacts of 
eutrophication) and negative impacts (e.g. competing with native species) 
on ecosystems in The Netherlands, and the rose-ringed parakeet (Psittacula 
krameri), a colorful and charismatic bird species that is becoming a common 
species in urban parks. 
Challenge 2: How to communicate risk? What story to tell? 
Communicating about IAS is challenging because it involves raising 
awareness about impacts that are uncertain or difficult to observe. While 
some species may not yet be present in the environment surrounding the 
audience, it is still important to make people aware of the potential impacts 
once a species is introduced. Other species may have impacts that are 
difficult to notice when you are not specifically trained to do so, for 
example in aquatic environments or through transmission of parasites and 
diseases. Moreover, people may not even be aware of which local plants are 
native or non-native and attitudes towards IAS can fundamentally differ 
depending on people’s values and perceptions of risk (Estévez et al. 2015). 
As such, messages inherent to biological invasions must be carefully and 
explicitly addressed, especially where the audience may need to modify its 
behavior to reduce risk (FAO 2019; Neeley and Devorshak 2012). 
Our examples show how the language used in IAS messages can be 
adapted or reframed depending on the target audience and goals. In some 
cases, the use of strong or even militaristic language, as in the “winning the 
war against invasive weeds” project in New Zealand, may make it easier to 
communicate a clear message or activate younger students. While such 
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Table 2. Type of messages that were included in the educational projects (BE: Belgium, DE: Germany, FL: Florida, NL: The 
Netherlands, NZ: New Zealand, PT: Portugal). 
Solution and behavior-oriented messages ● Prevention starts in our gardens and ponds (BE, DE, FL, NL) 
● Let’s plant differently (BE, NZ) 
● Do not use or spread invasive plants and animals (FL, NL, NZ, PT) 
● Plan or participate in raising awareness initiatives (FL, NZ, PT) 
● Plan or participate in volunteer control actions (PT)  
● Map and report invasive plants (DE, FL, NZ, PT) 
● Which methods can be used to control invasive species? (FL, NL, NZ, PT) 
Informative messages ● What are native, alien and invasive species and weeds? (DE, FI, FL, NL, NZ, PT) 
● How do alien species spread? (DE, FI, FL, NL, NZ, PT) 
● What are the ecological effects of alien species? (DE, FI, FL, NL, NZ, PT) 
● What are the socio-economic effects of alien species? (FL, NL, NZ, PT) 
● How can the effects of aliens be mitigated? (FI, FL, NL) 
● How can I identify invasive species? (DE, FL, NL, NZ, PT) 
● What are the main characteristics of invasive plants? (FL, NZ, PT) 
Understanding impacts and processes ● How do invasive species affect the growth or abundance of native species? 
 (FL, NL, NZ, PT) 
● What is the role of human agency in introducing alien species? (DE, FI, FL, 
 NL, NZ, PT) 
● How is the invasion process structured? (FL, NL, PT) 
metaphors may motivate action in the short term, they have also been 
criticized for their connotations with immigration, racism or xenophobia 
(Larson 2005). A responsible use of metaphors thus requires reflection 
upon the ethical and rhetorical dimensions of choices in language when 
communicating about IAS (Verbrugge et al. 2016), especially in multicultural 
societies and working with minority groups. 
A storyline or narrative approach is useful to adopt as it provides a 
structure for presenting the problem, actors involved, and potential 
solutions (Dahlstrom 2014; Enfield 2018). A good preparation tactic is to 
define three or four key messages that can be clearly communicated. Table 2 
gives an overview of the main messages that were employed in the example 
projects, distinguishing between solution and behavior-oriented messages, 
informative messages and process-understanding messages. A combination 
of different types of messages is most effective in educational projects, to 
improve knowledge and skills and influence attitudes and behaviors. 
It is also important to note that there is not a single strategy for 
conveying these stories to a large variety of audiences. The AlterIAS project 
in Belgium targeted diverse audiences ranging from secondary school 
students to horticulture professionals. They discovered that the same 
general message had to be conveyed to a panel of actors whose basic 
knowledge of biological processes, technical knowledge, and even learning 
skills were very different and sometimes difficult to anticipate. Developing 
a general educational tool was therefore not an option; it was necessary to 
develop as many different approaches as the target audiences. The 
involvement of education experts in addition to IAS experts will greatly 
benefit any project, especially when it comes to transposing the story to 
appropriate learning techniques. 
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Challenge 3: Implementing and sustaining educational projects 
Environmental education and communication campaigns are costly, both 
in terms of time and money. The AlterIAS project was awarded a best 
LIFE-Nature award for its efforts: a total of 71 information sessions in 41 
schools, horticultural centers and universities were organized throughout 
Belgium between 2010 and 2013. However, the authorities in charge of IAS 
in Belgium have not fixed the human nor financial resources to sustain the 
AlterIAS educational effort into the future. In the same order, launching 
similar initiatives dedicated towards other taxonomic groups such as pet or 
aquaculture species was envisaged but this has not been done. Continuity 
of funding can thus be hard to obtain, and the effort of applying for 
funding, developing educational materials and establishing networks is not 
maximized if there is only short term or limited funding available. 
Most of the projects reported difficulties in starting from scratch in 
developing educational materials without any previous experience working 
with educators, schools or curriculum. Simple things like illustrated materials 
or species identification sheets can be very time consuming and costly to 
make, and must be tailored for the intended audience. This challenge may 
be overcome if, at the time of development, the materials are planned to be 
used for a long time period. For example, the Forest Invaders project in 
Portugal had no resources to print or develop any materials. However, a 
website about invasive plants (invasoras.pt) and ID guide and bookmarks 
were developed and designed in a general way, with the benefit that they could 
be reused for other purposes and increased the project’s sustainability. 
Collaboration with teachers or other specialists in education is 
recommended to develop effective and user-friendly programs and tools. 
The Florida Education Initiative & Curriculum staff worked directly with 
educators, program evaluators, researchers in the field of invasive plant 
biology and management, and other experts within the University of Florida 
community. This requires sufficient preparation time and opportunities for 
collaboration to accommodate teachers’ busy schedules and other needs. 
Once a school or individual teacher gets involved, there can be a 
multiplier effect – meaning that teachers who participated will integrate 
IAS education in their classes and/or plan to continue or expand related 
lessons in the future. This was the case for the implementation of 
LINVEXO in The Netherlands where pilot projects at a few locations were 
scaled up and inspired teachers at other school locations. The facilitation of 
an online community and the presentation of LINVEXO at yearly staff 
training events contributed to this by providing them with knowledge and 
tools they need. The same happened with Forest Invaders in Portugal. 
Krasny and Lee (2002) refer to this as a social learning approach, i.e. to 
encourage educators to use their newly acquired knowledge to design 
programs to meet local needs. Our examples show that collaborative design 
and implementation support can ensure that IAS education becomes 
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structurally embedded in educational curricula, guaranteeing the use of 
these tools on the longer run without additional financial support. 
Challenge 4: Evaluating the outcomes 
Evaluation is an important but often overlooked element of the development 
of new educational projects. Evaluation can focus on the effects on learners, 
from students to professionals, their satisfaction with the lessons, and 
teacher evaluations. Moreover, evaluations could try to capture a change in 
learner’s attitudes and behavior. Often it is difficult to assign learning to 
one type of activity, as you evaluate the whole process including external 
influences. Below, we give two examples of projects that evaluated the 
learning effects on students and their experiences. 
The Forest Invaders project evaluated students’ knowledge three months 
after the last activities took place. A sub-sample of the high-school students, 
aged 15 to 18 years old, was selected to answer a questionnaire and their 
answers were compared with a control group from the same schools (but 
who did not participate in any activity). The findings showed that knowledge 
about invasive plants increased among students that participated in the 
lecture and ID activity and even more when field or lab experiments were 
performed (compared with students that did not participate in the 
activities) (Marchante et al. 2013). This difference is remarkable as the 
topic of biological invasions had been part of the formal school curricula in 
Portugal for at least five years when the project took place. 
The e-learning tool LINVEXO was tested in secondary vocational 
education in The Netherlands using before and after surveys on the same 
day (Rutenfrans 2018). At the start of the trials, the majority of the students 
(80%) reported that they did not know about IAS and their environmental 
impacts. After completing the LINVEXO assignments, 80% of the students 
were familiar with IAS and their impacts. The evaluation furthermore 
showed that students as well as teachers highly valued this e-learning tool 
in a classroom setting. 
While both examples show that IAS education enhances students’ 
knowledge of IAS, it is important to note that such evaluations are scarce 
and require more attention, especially with regards to measuring changes 
in attitudes and behavior. For example, an increase in knowledge can also 
have unintentional effects, as evidenced by Krasny and Lee (2002, p. 113) who 
found that participants’ belief in the ability to control IAS decreased after 
their experience in the program “perhaps because they became more aware of 
the enormity of the problem and the limited control options currently available”. 
Novel tools and best practices 
Smartphone applications 
New technologies such as smartphone application software (apps) and 
social media are increasingly used to engage a wider audience in recording 
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Figure 1. On the right: Franz Josef Glacier School student recording a European alder (Alnus glutinosa) sapling using the iNat app, 
New Zealand (Photo: Murray Dawson). On the left: High school students measuring tree diameter in an urban park, Portugal 
(Photo: Hélia Marchante) and the excavation of Bohemian knotweed (Fallopia bohemica) during a KORINA science camp, 
Germany (Photo: Katrin Schneider). 
IAS (Adriaens et al. 2015; Figure 1). People nowadays spend significant 
amounts of time using smartphones and social media, making it a part of 
everyday life. Smartphone apps can therefore be an effective tool in 
education, but also to reconnect people with their natural environment 
(Smith 2013). In Saxony-Anhalt, Germany, the KORINA-App was used 
during educational modules in schools. The students first learned how to 
identify invasive alien plants and then went out to record them in the area 
around the school or in a chosen natural area (Nieke et al. 2018). The 
records were evaluated by the KORINA team by reviewing the images 
attached to the app records. Around 90 percent of the recordings were 
verified. For the students it was very motivating that their records 
contributed to the control of invasive species. 
The amount of preparatory work to use apps in school projects should 
not be underestimated. It requires a series of actions to create specific 
online school projects, preinstall the app onto smartphones, and to prepare 
fact sheets specially designed for the group of invasive species targeted in 
the activities. It is recommended to leverage on existing technologies 
whenever possible. For example, Lucid Mobile identification keys and the 
iNaturalist app have proven highly effective for engaging students in 
identifying and recording IAS in New Zealand. 
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Forest Invaders in Portugal also used a mobile app (“Plantas invasoras”), 
which is part of the citizen-science platform Invasoras.pt (Marchante et al. 
2017). Students learned how to use the app and were asked to report the 
presence of invasive alien plants in their home regions. The app was quite 
well received among students who registered as users and later submitted 
some (but frequently not many) IAS sightings to the platform. However, 
most students (and citizens in general) have no species identification skills 
and this can be an extra challenge as the first step is to learn to identify IAS. 
Therefore, in addition to the few species addressed during the Forest 
Invaders activities, species factsheets and a field guide are available in the 
website invasoras.pt to support identification. 
Place-based education  
Local fieldwork is highly effective for raising student awareness of IAS, as 
exemplified by the following three cases (see also Figure 1). In New Zealand, 
most school visits included using apps to record weeds growing in school 
grounds, and local parks and reserves that were within walking distance. In 
some locations, herbarium specimens were collected and placed in field 
presses, and new biological control insects were released by the students as 
part of a wider national release strategy. In Portugal, two fieldwork activities 
in nearby areas focused on measuring the impacts of IAS at growth parameters 
of forestry species (using forestry tools to measure plant diameter and 
plant height) and on methodologies to control invasive plants (e.g. pulling, 
debarking). These activities were more effective in increasing students’ 
knowledge about IAS than classroom-based activities, as already noted in 
the section on evaluation. In 2019, LINVEXO was successfully used in a 
pilot for innovative education on management of urban and green areas, 
where students were provided with a background of IAS using LINVEXO 
and subsequently participated in a professional eradication campaign 
(Rutenfrans et al. 2018). 
These examples stress the need to foster educational practices and tools 
that are place-based in terms of locality and scale. This context dependence 
is helpful to establish a strong emotive connection to people’s identity, self-
interest, and values. Situating learning experiences in the places where 
students live increases their willingness to become engaged in science, 
citizen initiatives and environmental protection (Smith 2013). In an urban 
context, where IAS may be more abundant than native species, they can 
play a role as an “experiential key species” (i.e. a species that can be used to 
stimulate learning about local ecosystems) with the aim to communicate 
ecological concepts and conservation issues to children with limited access 
to nature (Battisti et al. 2018). Within this context, it remains important to 
focus on local native species to raise community awareness about IAS 
impacts and the benefits of IAS control (Genovart et al. 2013). 
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Gaming elements 
In the pumpkinseed sunfish (Lepomis gibbosus) disaster module of 
ECOSIM (Crossbill Guides Foundation 2015), students need to find the 
best way to manage an invasive predatory fish that threatens a native 
amphibian species. Various management measures can be taken to achieve 
nature conservation goals and the program enables a competition between 
students to develop the most cost-effective strategy with limited resources. 
Such model-based gaming (or “serious gaming”) can serve as an appropriate 
alternative for real world approaches in educational settings. They are 
designed as experiences that are not only engaging but also increase 
understanding of various roles and perspectives, as well as the consequences 
of actions at different points in time (Wu and Lee 2015). 
Two universities in The Netherlands (Radboud University and Leiden 
University) have implemented serious gaming with ECOSIM in their 
biology curricula and carried out an expert-based SWOT analysis of 
ECOSIM applications in academic education. Despite the fact that 
ECOSIM uses a rather simplified ecosystem with a limited number of 
biotic interactions, they concluded that this serious game is quite realistic 
and improves the understanding of the complexity of managing socio-
ecological systems. It covers all invasion phases (introduction, establishment, 
spread and impacts) and management measures link to the several stages 
of this process. Eventually, students come to realize that there are no easy 
solutions, and that various survey and management strategies are needed 
to solve environmental problems with IAS. 
Exhibitions  
Environmental education is not limited to school environments. The aim 
of the Alien Species Exhibition, held in the Finnish Natural History 
Museum in 1999, was to increase public awareness of the problems caused 
by IAS. The exhibition consisted of an international as well as a national 
part, and included examples of invasive species and ecological processes, 
such as predation and hybridization. The Finnish part presented alien 
vertebrates, such as American mink (Neovison vison) and brook trout 
(Salvelinus fontinalis), and the numerous invasive alien plants found in 
Helsinki region. New Zealand was used as an example of very wide scale 
effects of IAS, and additional cases included rats, ants and water hyacinth 
(Eichhornia crassipes). 
The Finnish Natural History Museum is an extremely popular visiting 
place for school classes and question sheets for three different age classes 
were prepared to enable IAS learning during the museum visits. The 
exhibition was combined with a one-day seminar about alien species to 
target a more general audience and gain press attention. It is important to 
note the different education outcomes that this project achieved: PhD 
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students gained knowledge about IAS through designing the exhibition, 
while the wider audience and schoolchildren could then learn from the 
displays. The special lectures were useful in spreading information among 
professionals in policy and management, and led to the drafting of the first 
national report on alien invasive species in Finland (Nummi 2001). 
Promote open access 
Lastly, an important task for educators and funders is to produce and fund 
open educational resources, which can be reused and edited. For example, 
AlterIAS, KORINA and LINVEXO released short films to enable teachers 
to use them in the classroom and prevent the common difficulties with 
usage rights and costs. It is common practice to make educational 
materials publicly available when funded with public money. However, 
often there is room for improvement in making these materials easily 
accessible over a longer period. A good example from our projects is the 
release of a large number of KORINA images to Wikimedia Commons. 
Discussion and conclusion 
The aim of this paper was to learn from global experiences in educational 
projects on IAS and highlight ways to tackle specific challenges in raising 
awareness about IAS and engaging students. We did not aim to give an 
exhaustive review but used examples to highlight trends, major challenges 
and possible solutions. The examples given by the authors of this paper 
provide a strong representation of teaching materials about freshwater and 
terrestrial plants (compared to, for example, terrestrial or marine animals). 
It would be worthwhile to undertake a thorough review to determine the 
representation of biota and species group(s) in teaching materials and their 
target audiences. 
We discussed the outreach potential of different education approaches 
including classroom-based activities, field activities and the popularization 
of science through exhibitions. In general, our examples show that hands-
on activities worked better than talks alone and these activities can take 
place inside and outside of the classroom. One example of an effective 
hands-on classroom-based activity is using live plant material and 
identification keys and apps for students to identify and learn more about 
the invasive plants (instead of only showing pictures in the classroom). For 
notorious invaders this may not be possible, if regulations prevent the 
possession and transport of live specimens. Other ways to popularize the 
topic in the classroom are the viewing of YouTube videos, or referring to 
local and national media attention for recent introductions or problems 
with IAS. A combination of tools and approaches is often the most useful 
approach in education projects. For example, in Saxony-Anhalt (Germany), 
an exhibition about invasive plants in a local zoo was combined with a 
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gaming element where visitors were invited to find all featured IAS in the 
zoo by playing a rally. 
It is important to emphasize that teaching about IAS is not limited to 
biology classes. The topic links to many subjects and themes, such as health 
and disease, economy, trade, ethics, philosophy, history, geography and 
art. We would argue that this is a strength and makes IAS a perfect case 
study, for example as an intractable problem in a sustainability course, as 
an introduction to fundamental questions on human-nature relationships 
in an environmental ethics course (Boorse 2004) or to discuss future 
scenarios of how IAS could shape hometowns (Giese et al. 2014). Here, 
constructive approaches (i.e. where students and teachers (re)construct 
knowledge on environmental problems and solutions together) can stimulate 
reflective, critical thinking (Kyburz-Graber 2013), and knowledge gains and 
attitude changes are expected to be greater when compared to traditional 
approaches (DiEnno and Hilton 2005). Biological invasions have also been 
used in applied contexts outside schoolyards, for instance with 
experimental designs that allow to evaluate IAS impacts or to control 
invaded areas by monitoring the recovery of native communities or 
ecosystem services. 
Finally, targeting elementary schools to deliver IAS messages can be an 
effective method for engaging the wider community. Elementary students 
are often more receptive than teenagers and adults and will take the IAS 
messages learnt in the classroom into their homes and communities 
supporting intergenerational learning (Duvall and Zint 2007; Lawson et al. 
2019). Today’s students are tomorrow’s citizens and young children will 
take the lessons learnt through to adulthood, which help shape future 
communities. We hope that our discussion of examples can serve as a 
source of inspiration to researchers, science communicators and teachers 
worldwide and promote new efforts in IAS education. 
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